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ABSTRACT : PROBLEM TO BE SOLVED: To provide a high-efficiency electronic element and a diode, 
a transistor and a thyristor using the electronic element which is superior in heat 
resistance, radiation resistance and high frequency response, suited to high temperature 
devices, high power devices and high frequency electronic devices, suppresses an Ohmic 
current and lowers the barriers energy for injecting carriers into a channel from a heavily 
doped semiconductor, thereby lowering the rising electric field of a spatial charge limiting 
current. 

SOLUTION: A high-resistivity semiconductor diamond film 5 having a carrier concentration 
of 1015 cm-3 or less is provided on an insulator diamond crystal substrate 1, low-resistivity 
semiconductor diamond films 2a, 2b each having a carrier concentration of 1020 cm-3 or 
more are provided so as to sandwich that film 5, and the semiconductor diamond films 5, 
2a, 2b have the same conductivity type. Source electrodes 11a, drain electrodes 1 1b and 
gate electrodes 9b are provided on the semiconductor diamond films 2a, 2b, 5, 
respectively. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]Join to the 1st semiconductor region used as a current channel, and this 1st 
semiconductor region, and with the same conduction type as the 1st semiconductor region The 
2nd semiconductor region where resistivity is lower than said 1st semiconductor region, An 
electronic device which **** and is characterized by carrier concentration [ in / in said 1st 
semiconductor region / an equilibrium situation in the operating temperature ] being below 10 

15 -3 
cm . 

[Claim 2]The electronic device according to claim 1 , wherein carrier concentration in an 
equilibrium situation in operating temperature of said 1st semiconductor region is below 10 

13 -3 
cm . 

[Claim 3]The electronic device according to claim 1 or 2, wherein a band gap of said 1st 
semiconductor region is not less than 2 eV. 

[Claim 4]Said 1st semiconductor region A diamond, silicon carbide, gallium nitride, An 
electronic device given in any 1 paragraph of claims 1 thru/or 3 consisting of one or more sorts 
of materials chosen from a group which consists of boron nitride, alumimium nitride, indium 
nitride, a zinc oxide, titanium oxide, tin oxide, and indium oxide, or a mixed material of those. 
[Claim 5]An electronic device given in any 1 paragraph of claims 1 thru/or 4, wherein a band 
gap of said 2nd semiconductor region is not less than 2 eV. 

[Claim 6]Said 2nd semiconductor region A diamond, silicon carbide, gallium nitride, An 
electronic device given in any 1 paragraph of claims 1 thru/or 5 consisting of one or more sorts 
of materials chosen from a group which consists of boron nitride, alumimium nitride, indium 
nitride, a zinc oxide, titanium oxide, tin oxide, and indium oxide, or a mixed material of those. 
[Claim 7]An electronic device given in any 1 paragraph of claims 1 thru/or 6, wherein dopant 
concentration under crystal used as a parent in said 1st semiconductor region is 10 ppm or 
less in an atomic ratio. 
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[Claim 8]The electronic device according to claim 7, wherein dopant concentration under 

crystal used as a parent in said 1st semiconductor region is 0.1 ppm or less in an atomic ratio. 

[Claim 9]An electronic device given in any 1 paragraph of claims 1 thru/or 8, wherein dopant 

concentration of said 2nd semiconductor region is more than Mott concentration. 

[Claim 10]An electronic device given in any 1 paragraph of claims 1 thru/or 9 to which said 1st 

semiconductor region and said 2nd semiconductor region are characterized by consisting of 

diamonds. 

[Claim 11]The electronic device according to claim 10, wherein said 1st semiconductor region 
and said 2nd semiconductor region consist of a p type diamond which ************ ( e( jy 
[Claim 12]The electronic device according to claim 10 consisting of a n type diamond in which 
said 1st semiconductor region and said 2nd semiconductor region doped one or more sorts of 
elements chosen from a group which consists of sulfur, Lynn, nitrogen, oxygen, and lithium. 
[Claim 13]An electronic device given in any 1 paragraph of claims 1 thru/or 12 characterized by 
comprising the following. 

The 1st metal electrode that is connected to said 1st semiconductor region, and outputs and 
inputs current to said 1st semiconductor region. 

The 2nd metal electrode that is connected to said 2nd semiconductor region, and outputs and 
inputs current to said 2nd semiconductor region. 

[Claim 14]An electronic device given in any 1 paragraph of claims 1 thru/or 13 having the 3rd 
semiconductor region joined by near opposite hand where said 2nd semiconductor region in 
said 1st semiconductor region is joined. 

[Claim 15]The electronic device according to claim 14 characterized by resistivity being lower 
than said 1st semiconductor region with the conduction type as said 1st semiconductor region 
with said 3rd same semiconductor region. 

[Claim 16]The electronic device according to claim 14 or 15, wherein dopant concentration of 
said 3rd semiconductor region is more than Mott concentration. 

[Claim 17]An electronic device given in any 1 paragraph of claims 14 thru/or 16 to which said 
1st semiconductor region, said 2nd semiconductor region, and said 3rd semiconductor region 
are characterized by consisting of diamonds. 

[Claim 18]The electronic device according to claim 17, wherein said 1st semiconductor region, 
said 2nd semiconductor region, and said 3rd semiconductor region consist of a p type diamond 
which ************(ed). 

[Claim 19]The electronic device according to claim 17 consisting of a n type diamond in which 
said 1st semiconductor region, said 2nd semiconductor region, and said 3rd semiconductor 
region doped one or more sorts of elements chosen from a group which consists of sulfur, 
Lynn, nitrogen, oxygen, and lithium. 
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[Claim 20]An electronic device given in any 1 paragraph of claims 14 thru/or 19 characterized 
by comprising the following. 

The 2nd metal electrode that is connected to said 2nd semiconductor region and sends current 
through said 2nd semiconductor region. 

The 3rd metal electrode that is connected to said 3rd semiconductor region and sends current 
through said 3rd semiconductor region. 

[Claim 21]An electronic device given in any 1 paragraph of claims 14 thru/or 20 characterized 
by comprising the following. 

An insulator layer provided on said 1st semiconductor region. 
An electrode provided on said insulator layer. 

[Claim 22]A diode comprising: 

The 1st semiconductor region used as a current channel. 

It joins to this 1st semiconductor region, and is the 2nd semiconductor region where resistivity 
is lower than said 1st semiconductor region with the same conduction type as the 1st 
semiconductor region. 

An electronic device whose carrier concentration [ in / it has and / in said 1st semiconductor 

15 -3 

region / an equilibrium situation in the operating temperature ] is below 10 cm . 

[Claim 23]A transistor comprising: 

The 1st semiconductor region used as a current channel. 

It joins to this 1st semiconductor region, and is the 2nd semiconductor region where resistivity 
is lower than said 1st semiconductor region with the same conduction type as the 1st 
semiconductor region. 

An electronic device whose carrier concentration [ in / it has and / in said 1st semiconductor 

15 -3 

region / an equilibrium situation in the operating temperature ] is below 10 cm . 

[Claim 24]A thyristor comprising: 

The 1st semiconductor region used as a current channel. 

It joins to this 1st semiconductor region, and is the 2nd semiconductor region where resistivity 
is lower than said 1st semiconductor region with the same conduction type as the 1st 
semiconductor region. 

An electronic device whose carrier concentration [ in / it has and / in said 1st semiconductor 

15 -3 

region / an equilibrium situation in the operating temperature ] is below 10 cm . 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]The diode which uses the electronic device and this electronic device of 
the wideband gap semiconductor with which this invention is used for the device for short 
wavelength luminescence, a high-temperature-service device, the device for big electric 
power, a high frequency electron device, etc., It is especially related with the efficient electronic 
device to which the career of many in a low electric field with a career mobility barrier there is 
little ohmic current and small and a small electric field required in order to send space charge 
limited current can be moved about a transistor and a thyristor. 
[0002] 

[Description of the Prior Art]A diamond The thermal conductivity (20 W/cm-K), a band gap 

(5.47 eV), Since device properties, such as saturation electron mobility (2000-cm 2 A/-s) and 

Hall mobility (2100-cm 2 /V-s), and heat resistance, and radiation resistance are excellent, The 
application to an electron device, a high power device, a high frequency device, etc. which 
operate under an elevated temperature and radiation is expected. 

[0003]As one example of the field effect transistor which uses diamond membrane. To JP,1- 
158774,A, for example, a gate electrode and an operation layer, That is, MISFET (Metal 
Insulator Semiconductor Field EffectTransistor: insulated gate field effect transistor) which 
inserted the insulating layer between channel layers is proposed. MISFET in JP, 1-1 58774, A is 
a no MARION type, and has the composition that drain current is controlled, by just taking gate 
potential to source potential. In order to enlarge mutual conductance and to change drain 
current a lot by the input of slight gate potential, it is necessary to make the influence of gate 
potential have to the deep field in a channel, and to extend the depletion region of a career 
greatly. For that purpose, Donna or acceptor concentration is stopped somewhat low, and it 
must be made thin so that the thickness of a channel layer may turn into below the thickness 
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that the influence of gate potential attains to. However, in order to increase drain current, 
concentration of Donna or an acceptor impurity must be made high, carrier concentration must 
be made to increase, and improvement in mutual conductance and the increase in drain 
current have the problem of conflicting mutually in setting out of carrier concentration. 
[0004]As for the dopant concentration of the channel layer used in the usual MISFET by the 
above-mentioned reason, it is common to consider it as the range of hundreds of [ tens to ] 
ppm by an atomic ratio. For example, in the example of JP,1-158774,A, the atomic ratio of 
boron (B) and carbon (C) is calculable with B/C=200ppm based on the synthetic condition of a 
p type diamond membrane layer. 

[0005]The field effect transistor which has metal / insulating diamond / semiconductor diamond 
structure in a gate section is proposed by JP,3-263872,A. Drawing 9 is a sectional view 
showing this MISFET. The diamond insulator foundation layer 42 is formed on Si substrate 41 , 
and the p type diamond semiconductor layer 43 and the n type diamond semiconductor layers 
44a and 44b of the both sides are formed on the same flat surface on the diamond insulator 
foundation layer 42. The source electrode 46S and the drain electrode 46D are formed in the 
end of the side which is not connected to the p type diamond semiconductor layer 43 in the n 
type diamond semiconductor layers 44a and 44b, respectively so that these ends may be 
covered. The diamond insulation layer 45 is formed on the p type diamond semiconductor 
layer 43, and the gate electrode 46G is formed on the diamond insulation layer 45. The 
diamond insulation layer 45 insulates between the p type diamond semiconductor layers 43 
and the gate electrodes 46G which are channel layers. 

[0006]ln order to enlarge mutual conductance and to change drain current a lot by the input of 
slight gate potential also in this MISFET, Acceptor concentration is stopped low, and thickness 
of the p type diamond semiconductor layer 43 must be made thin so that it may become below 
the thickness that the influence of gate potential attains to. However, in order to increase drain 
current, acceptor concentration must be made high, carrier concentration must be made to 
increase, and improvement in mutual conductance and the increase in drain current have the 
problem of conflicting mutually in setting out of acceptor concentration. 
[0007]Mobility of the high electron and electron hole which a diamond originally has is realized 
by reducing an impurity and a crystal defect as much as possible. However, in the structure 
which needs to dope Donna or an acceptor by a certain amount of concentration like the 
above-mentioned MISFET in order to secure the source of a career of a channel layer, since 
carrier mobility becomes low depending on impurity concentration, that high-frequency 
response etc. get worse does not escape. 

[0008]On the other hand, it is considered as the structure which made impurity concentration 
of the channel layer low as much as possible, and enabled application to the transistor for high 
frequency, and the field effect transistor which uses a high resistivity diamond layer as a 
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channel layer is indicated by JP f 6-232388,A. Drawing 10 is a typical sectional view showing 
the composition of this field effect transistor. In the field effect transistor shown in drawing 10 , 
The 2nd semiconductor diamond layer 53 of the same conduction type as the 1st 
semiconductor diamond layer 51, the high resistivity diamond layer 52, and the 1st 
semiconductor diamond layer 51 is arranged at a single tier at this order, The high resistivity 
diamond layer 52 is connected to the 1st semiconductor diamond layer 51 and 2nd 
semiconductor diamond layer 53. The channel layer 57 is constituted by the 1st semiconductor 
diamond layer 51, high resistivity diamond layer 52, and 2nd semiconductor diamond layer 53. 
On the 1st semiconductor diamond layer 51, the high resistivity diamond layer 52, and the 2nd 
semiconductor diamond layer 53, the source electrode 54, the gate electrode 55, and the drain 
electrode 56 are formed, respectively. The resistivity of the high resistivity diamond layer 52 is 

more than 10 2 omega-cm, and carrier concentration changes with the potential of the gate 
electrode 55. 

[0009]ln the case of this transistor, as shown in drawing 10 , the career which reaches the drain 
electrode 56 from the source electrode 54 flows through the semiconductor diamond layer 51 , 
the high resistivity diamond layer 52, and the semiconductor diamond layer 53 into this order. 
And by changing the voltage impressed to the gate electrode 55, the potential of the high 
resistivity diamond layer 52 is changed, and the injection rate of the career from the 
semiconductor diamond layer 51 which the source electrode 54 contacts to the high resistivity 
diamond layer 52 is controlled. Therefore, since a depletion layer is extended to the channel 
layer 57 and drain current is not controlled like MISFET shown in drawing 9 , it is not necessary 
to make dopant concentration low and to make the channel layer 57 thin. 
[0010]The feature of the transistor shown in drawing 10 is that what is called space charge 
limited current may flow through the high resistivity diamond layer 52. The action of the current 
over the electric field impressed into an ideal defect-free insulating material serves as ohmic 
current proportional to an electric field below by a certain threshold electric field as indicated in 
literature (the "semiconductor physical properties 1", such as ****, Asakura Publishing, the 
158th page - the 162nd page). If it becomes beyond a threshold electric field, the career 
beyond thermal excitation carrier concentration will flow by career pouring from the outside, 
and it will become space charge limited current proportional to the square of an electric field. 
[0011] 

[Problem(s) to be Solved by the Invention] However, there is a problem that pouring of the 
career to the high resistivity diamond layer 52 does not take place unless it makes into the very 
big value of more than 100V voltage which will often be impressed to a gate electrode if the 
field effect transistor of structure as actually shown in drawing 10 is produced. 
[0012]As a result of investigating this cause in detail, it became clear that the potential level 
difference between the semiconductor diamond layer 51 and the high resistivity diamond layer 
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52 was because it becomes very large depending on crystal growth conditions, that is, since 
the band gap which a diamond has is as large as 5.47 eV, the potential level difference of eV 
half [ about 2.5/] also generates the diamond which does not have an impurity and a defect 
ideally. And actually, though there are few impurities and defects in a diamond layer, being 
contained to some extent is not avoided. For example, although nitrogen is an impurity most 
often mixed in a diamond, it is known that this will form a donor level as deep as 1 .7 eV. 
Although a nitrogen mixing diamond is an n-type semiconductor, since the donor level is deep, 
it serves as high resistivity, and satisfies the requirements for the above-mentioned "high 
resistivity diamond." 

[0013]ln formation of the high resistivity diamond layer 52, a possibility that very small quantity 
nitrogen will mix is high, and the donor level which is 1.7 eV is formed in this case. Since this 
donor level is not activated at a room temperature, this high resistivity diamond layer 52 does 

not become a rate of low resistance below 10 omega-cm. 

[0014]As it is in literature (the "semiconductor physical properties 1", such as ****, Asakura 
Publishing, the 108th page - the 1 12nd page), If based on the theory of a semiconductor, for 
epsilon^ a donor level and epsilon_ The energy of a conducting-zone bottom, If it is an 

effective density of states [ as opposed to / in the absolute temperature and N D / as opposed 

to / for k D / a Boltzmann constant / T / the electron of a conducting zone for donor density and 

D 

NL ], in the case of an n-type semiconductor, Fermi level epsilon will be calculated with the 

following formula 1. 
[0015] 
[Equation 1] 



[0016]As shown in the formula 1, a Fermi level changes in response to the influence of a donor 
level and temperature. Like a diamond, in a semiconductor with a large band gap, since it is 



the lower type 2. From the formula 2, a Fermi level exists between a conducting-zone bottom 
and a donor level. 
[0017] 
[Equation 2] 



[0018]Although the argument about said Fermi level followed the n-type semiconductor, in the 
case of a p-type semiconductor, by transposing a conducting zone to a valence band and 




(epsilon c -epsilon D )/k B T»1, at a room temperature, said formula 1 can be approximated like 
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transposing an electron to an electron hole at an acceptor, respectively can discuss Donna 
similarly. That is, the Fermi level of a p-type semiconductor exists between a valence-band 
summit and an acceptor level. 

[0019]ln the n type high resistivity diamond which nitrogen mixed, even if metaphor donor 
concentration is as very small as below 0.1 -atom ppm, a Fermi level exists near lower 0.9 eV 
of a conducting-zone bottom. On the other hand, when doping boron to a semiconductor 
diamond layer and considering it as a p-type semiconductor diamond, boron serves as an 
acceptor and this acceptor level exists in upper 0.37eV of a valence-band summit. At this time, 
a Fermi level will exist near upper 0.2 eV of a valence-band summit. Since the band gap of a 
diamond, i.e., the energy difference of a conducting-zone bottom and a valence-band summit, 
is 5.47 eV as above-mentioned, the difference of the Fermi level of both diamonds is 
calculable with 0.2= 4.37 eV of about 5.47-0.9-. Thus, when a nitrogen content high resistivity 
diamond is joined to a boron content semiconductor diamond, the difference of a Fermi level 
turns into a discontinuous level difference of energy potential, and it will be said that the height 
of the level difference is 4.37 eV. 

[0020]By the way, in order to make a career pour into a high resistivity diamond from a 
semiconductor diamond, it is necessary to reduce a potential level difference with a gate 
electrode. If a potential level difference is large, unless it will enlarge gate potential so much, a 
career is not poured in and current does not flow. If it thinks simply, and gate potential is set to 
-4.37V to source potential, pouring of a career will take place, but. Actually, since the potential 
difference of source potential and gate potential is impressed to the both sides of gate 
dielectric film and a high resistivity diamond, the potential difference impressed to a high 
resistivity diamond will decrease that much. Therefore, although gate potential required in 
order to actually reduce the potential level difference of the interface of a high resistivity 
diamond and a semiconductor diamond is based also on the thickness of gate dielectric film 
and a high resistivity diamond layer, very as big gate potential as tens thru/or hundreds of v is 
needed. Therefore, a field effect transistor as shown in drawing 10 is not practical. 
[0021]More generally, in the electronic device of the structure which joins a high concentration 
dope diamond and a high resistivity diamond, when it is a conduction type with which they 
differ, or when [ even if it is the same conduction type, ] it has the level from which an acceptor 
or Donna differed, the level difference of energy potential arises in a joining interface. In such a 
case, in order to pour in a career from the high concentration dope diamond side to the high 
resistivity diamond side, there is a problem that potential difference in the meantime must be 
enlarged extremely. 

[0022]This invention was made in view of this problem, and is ****. In the electronic device 
which the purpose was excellent in radiation resistance and high-frequency response, and was 
suitable for the high-temperature-service device, the device for big electric power, and the high 
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frequency electron device, The diode which uses the efficient electronic device which 
controlled ohmic current, reduced the barrier energy of career pouring to a channel from the 
semiconductor doped by high concentration, and made small the standup electric field of 
space charge limited current, and this electronic device, high - it is providing amplification 
factor transistor and thyristor. 

[0023] 

[Means for Solving the Problem]The 1st semiconductor region where an electronic device 
concerning this invention serves as a current channel, With the same conduction type as the 
1st semiconductor region, join to this 1st semiconductor region, have the 2nd semiconductor 
region where resistivity is lower than said 1st semiconductor region, and said 1st 
semiconductor region, It is characterized by carrier concentration in an equilibrium situation in 

15 -3 

the operating temperature being below 10 cm . 

[0024]ln this invention, by below 10 15 cm" 3 carrying out carrier concentration of the 1st 
semiconductor region, ohmic current is controlled and it can shift to the state where current by 
career pouring, i.e., space charge limited current, becomes dominant at a low electric field. 
Thereby, efficiency of an electronic device can be raised. Although it is desirable ideally for 
ohmic current to be 0, it is impossible to realize it on practical conditions. Although carrier 

concentration changes also with temperature, if below 10 15 cm" 3 carries out carrier 
concentration in an equilibrium situation in temperature which operates an electronic device, 
ohmic current can be reduced to a level which is satisfactory practically. Since ohmic current 

can be reduced to near a limit of measurement if below 10 13 cm" 3 carries out carrier 
concentration, it is more desirable. 

[0025]Barrier energy at the time of pouring in a career (it is an electron hole in the case of an 
electron and a p-type semiconductor in the case of an n-type semiconductor) from the 2nd 
semiconductor region to the 1st semiconductor region can be reduced by making a conduction 
type of the 2nd semiconductor region the same as the 1st semiconductor region, and making 
resistivity lower than the 1st semiconductor region. As a result, a standup electric field of space 

charge limited current can be made small. For example, below 1x10 5 V/cm can carry out this 
standup electric field (threshold electric field). If a growth constant to an electric field of current 
through which an electric field impressed to said 1st and 2nd semiconductor regions flows into 
the 1st semiconductor region from the 2nd semiconductor region below by this threshold 
electric field at this time is set to about 1 and an electric field exceeds said threshold electric 
field, said growth constant will exceed 1 . A growth constant is the numerical value that current 
is proportional to several power of the increase staffs of an electric field. In an ideal ohm rule, a 
growth constant is strictly set to 1 , current is proportional to an electric field, as for ideal space 
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charge limited current, a growth constant is strictly set to 2, and current is proportional to a 
square of an electric field. However, a growth constant does not turn into an integer actually by 
contact resistance of other various factors, i.e., a crystal defect, and an electrode, and a 
semiconductor, etc. Near the electric field which shifts to space charge limited current 
exceeding said threshold electric field from an ohm rule, a growth constant increases to a 
larger value smaller than 2 than 1 to 1 , increases to a case of after that many, and also 2 or 
more, and is eventually set to about 2 (literature (the "semiconductor physical properties 1", 
such as ****, Asakura Publishing, the 162nd page)). 

[0026]ln this invention, if an electrode is formed in the 1st semiconductor region, impressed 
electromotive force between the electrode and 2nd semiconductor region, or the 3rd 
semiconductor region will mainly govern an electric field substantially built over the 1st 
semiconductor region. When producing 2 terminal elements which have the 3rd semiconductor 
region, it is not necessary to necessarily form an electrode in the 1st semiconductor region, 
and voltage impressed between the 2nd semiconductor region and the 3rd semiconductor 
region governs an electric field substantially built over the 1st semiconductor region in that 
case. 

f0027] drawing 1 (a) and (b) - the 1st semiconductor region from the 2nd semiconductor region 
- a career (a case of an n-type semiconductor - an electron.) In the case of a p-type 
semiconductor, it is a mimetic diagram showing a size of barrier energy at the time of pouring 
in an electron hole, and drawing 1 (a) shows a size of barrier energy in the conventional 
electronic device, and drawing 1 (b) shows a size of barrier energy in an electronic device of 
this invention. As shown in drawing 1 (a), when a semiconductor, an insulator, or metal joins 
mutually, movement of an electron and an electron hole takes place so that electron density 
may become equal in the same energy level. The transition region 15 is formed near a joining 
interface by mutual movement of an electron and an electron hole. In a field of both sides of a 
transition region, a Fermi level is in agreement. Therefore, in a joining interface, an energy 
barrier of a conducting zone or an electrification child belt arises according to a difference of a 
Fermi level. If a difference of a conducting zone or an electrification child belt, and a Fermi 
level is large, an energy barrier of a conducting zone or an electrification child belt will become 
large, and an energy barrier will also become small if this difference is small. In this invention, 
as shown in drawing 1 (b), by making small a difference of a conducting zone or an 
electrification child belt, and a Fermi level, an energy barrier can be made small and a standup 
electric field of space charge limited current can be made small. 

[0028]As for a band gap of said 1st and 2nd semiconductor regions, it is preferred that it is not 
less than 2 eV, and said 1st and 2nd semiconductor regions, It is preferred that they are one or 
more sorts of materials chosen from a group which consists of a diamond, silicon carbide, 
gallium nitride, boron nitride, alumimium nitride, indium nitride, a zinc oxide, titanium oxide, tin 
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oxide, and indium oxide, or a mixed material of those. 

[0029]An electronic device of this invention can be used as a suitable electronic device for a 
high-temperature-service device, a device for big electric power, etc. by using a band gap of 
the 1st and 2nd semiconductor regions as a not less than 2-eV wideband gap semiconductor. 
When a band gap of the 1st and 2nd semiconductor regions is less than 2 eV, since there is 
little change of a Fermi level by impurity and a defect, an effect of this invention is small. 
However, by choosing a semiconductor with a large band gap at least as one side, since 
variation of a Fermi level becomes large, a bigger effect is acquired. As an example of a 
semiconductor which is a wideband gap with a large band gap, there are a diamond, silicon 
carbide, gallium nitride, boron nitride, alumimium nitride, indium nitride, a zinc oxide, titanium 
oxide, tin oxide, indium oxide, etc. The 1st semiconductor region and 2nd semiconductor 
region do not necessarily need to comprise same material. 

[0030]ln an atomic ratio under crystal used as a parent, as for dopant concentration of said 1st 
semiconductor region, it is preferred that it is 10 ppm or less, and it is 0.1 ppm or less more 
preferably. 

[0031]Carrier concentration of the 1st semiconductor region can be low stopped also by mutual 
complementation of an acceptor with Donna. However, although a donor acceptor pair 
compensated mutually does not generate a career, it can take the dispersion lead in a career. 
Therefore, it becomes a factor which reduces mobility of a career. Therefore, the career can 
realize high mobility and can raise the high-frequency response of an electronic device, so that 
concentration of a compensated impurity and a defect is low. A threshold electric field which 
shifts to space-charge-limited-current mode becomes low, so that a defect and trap 
concentration by an impurity are low, and current after shift becomes large. The lower one of 
trap concentration according to a defect and an impurity also at the meaning is desirable. If 
dopant concentration is 10 ppm or less, most said adverse effects will not be seen. It is more 
desirable 0.1 ppm or less near a detection limit of a secondary ion mass spectrum (Secondary 
Ion Mass Spectroscopy). 

[0032]The doping impurity (dopant) of the 1st and 2nd semiconductor regions does not 
necessarily need to be the same element. For example, the 1st semiconductor region may be 
a n type diamond of a phosphorus dope, and the 2nd semiconductor region may be a n type 
diamond of a sulfur dope. A p type diamond and the 2nd semiconductor region where a certain 
crystal defect whose 1st semiconductor region is not an impurity serves as an acceptor may be 
a p type diamond of ************. 

[0033]As for dopant concentration of said 2nd semiconductor region, it is preferred again that it 
is more than Mott concentration. 

[0034]lt mainly depends for a carrier amount poured in from the 2nd semiconductor region to 
the 1st semiconductor region on carrier concentration of an electric field impressed to an 
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interface of the 1st semiconductor region and the 2nd semiconductor region, and the 2nd 
semiconductor region. Therefore, more careers are poured in to the 1st semiconductor region, 
so that carrier concentration of the 2nd semiconductor region is high, if an electric field to 
impress is the same. What is necessary is to raise dopant concentration and just to lower a 
compensation rate, in order to raise carrier concentration. Mott concentration is dopant 
concentration which shifts to an action with a metallic semiconductor. An activation rate of a 
career can be made into about 100% by carrying out dopant concentration more than Mott 
concentration. When providing a metal electrode which touches the 2nd semiconductor region, 
contact resistance of the 2nd semiconductor region and a metal electrode can be reduced by 
raising the 2nd carrier concentration or dopant concentration of a semiconductor region. 
[0035]Said 1st semiconductor region and said 2nd semiconductor region can consist of 
diamonds, and can consist of a n type diamond which doped one or more sorts of elements 
chosen from a group which consists of a p type diamond or sulfur, Lynn, nitrogen, oxygen, and 
lithium which ************( e d) again. 

[0036]By using the 1st and 2nd semiconductor regions both as a diamond, an electronic 
device excellent in carrier mobility, heat resistance, stability, radiation resistance, a dielectric 
breakdown electric field, etc. is realizable. If boron is doped in a diamond, it will become a p- 
type semiconductor. Although the p type is easier for production and rate[ of low resistance ]- 
izing is easier than a n type about a diamond at present, it is also possible to, use the 1st and 
2nd semiconductor regions as a n type diamond which doped at least one sort in sulfur, Lynn, 
nitrogen, oxygen, and lithium depending on a use, of course. 

[0037]The electronic device concerning this invention can have again the 1st metal electrode 
that is connected to said 1st semiconductor region and sends current through said 1st 
semiconductor region, and the 2nd metal electrode that is connected to said 2nd 
semiconductor region and sends current through said 2nd semiconductor region. 
[0038]Thereby, contact resistance in a case of taking out supply or current for current can be 
reduced to the 1st and 2nd semiconductor regions, and the stability of an electronic device 
increases to them. 

[0039]The electronic device concerning this invention can have again the 3rd semiconductor 
region joined by near opposite hand where said 2nd semiconductor region in said 1st 
semiconductor region is joined, As for this 3rd semiconductor region, it is preferred that 
resistivity is lower than said 1st semiconductor region at the same conduction type as said 1st 
semiconductor region. 

[0040]lt can be considered as sandwich structure which joined by this the 2nd and 3rd 
semiconductor regions where resistivity is low to both sides of the 1st semiconductor region 
where resistivity is high. A career supplied from the 2nd semiconductor region can pass along 
the 1st semiconductor region by this, and an electronic device which reaches to the 3rd 
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semiconductor region can be produced. At this time, it becomes possible by using the 3rd 
semiconductor region as the same conduction type as the 2nd semiconductor region, and 
considering it as a semiconductor region of a rate of low resistance from the 1st semiconductor 
region to catch a career which is going to flow into the 3rd semiconductor region from the 1st 
semiconductor region efficient. On the other hand, since an energy barrier is made into an 
interface of the 1st semiconductor region and the 3rd semiconductor region when resistivity is 
high even if of the same type when the 3rd semiconductor region is a semiconductor of a 
different mold from the 1st semiconductor region and, it serves as interfacial resistance and a 
career cannot be poured efficiently. 

[0041 ]As long as the above-mentioned conditions are fulfilled, said 1st semiconductor region, 
said 2nd semiconductor region, and said 3rd semiconductor region, It can consist of diamonds 
and can consist of a n type diamond which doped one or more sorts of elements chosen from 
a group which consists of a p type diamond or sulfur, Lynn, nitrogen, oxygen, and lithium which 
************ ^ ec j^ especially. 

[0042]The electronic device concerning this invention can have again the 2nd metal electrode 
that is connected to said 2nd semiconductor region and sends current through said 2nd 
semiconductor region, and the 3rd metal electrode that is connected to said 3rd semiconductor 
region and sends current through said 3rd semiconductor region. 

[0043]3 terminal elements which have reduction and stability of contact resistance in a case of 
taking out supply or current for current to the 2nd and 3rd semiconductor regions by this are 
producible. 

[0044]lt can have again an insulator layer provided on said 1st semiconductor region, and the 
electrode provided on said insulator layer. 

[0045]Thereby, capacitor structure can be formed and it becomes possible to form electronic 
devices, such as a field effect transistor. 

[0046]The 1st semiconductor region where a diode concerning this invention serves as a 
current channel, With the same conduction type as the 1st semiconductor region, join to this 
1st semiconductor region, have the 2nd semiconductor region where resistivity is lower than 
said 1st semiconductor region, and said 1st semiconductor region, Carrier concentration in an 
equilibrium situation in the operating temperature has an electronic device which is below 10 

15-3 

cm . 

[0047]The 1st semiconductor region where a transistor concerning this invention serves as a 
current channel, With the same conduction type as the 1st semiconductor region, join to this 
1st semiconductor region, have the 2nd semiconductor region where resistivity is lower than 
said 1st semiconductor region, and said 1st semiconductor region, Carrier concentration in an 
equilibrium situation in the operating temperature has an electronic device which is below 10 

15-3 

cm . 
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[0048]The 1st semiconductor region where a thyristor concerning this invention serves as a 

current channel, With the same conduction type as the 1st semiconductor region, join to this 

1st semiconductor region, have the 2nd semiconductor region where resistivity is lower than 

said 1st semiconductor region, and said 1st semiconductor region, Carrier concentration in an 

equilibrium situation in the operating temperature has an electronic device which is below 10 

15 -3 
cm . 

[0049]Said electronic device is applicable to various electronic parts, such as various current 
control elements, such as various sensors, such as various diodes, such as a rectifier diode 
and a light emitting diode, a photosensor, a heat sensor, an ion sensor, and a gas sensor, and 
a switching element, a transistor, and a thyristor. 
[0050] 

[Embodiment of the lnvention]Hereafter, the example of this invention is concretely described 
with reference to an attached drawing. First, the 1st example of this invention is described. 
Drawing 2 (a) thru/or (d), drawing 3 (a) or (c), drawing 4 (a) or (d), drawing 5 (a) or (c), and 
drawing 6 are the sectional views showing the manufacturing method of the electronic device 
concerning this example at process order. This example shows the example which produces a 
transistor. 

[0051]First, as shown in drawing 2 (a), on the insulator diamond crystal substrate 1, B doped p 
type semiconductor diamond thin film 2 which serves as the 2nd and 3rd semiconductor 
regions with a microwave plasma CVD method (the Chemical Vapor Deposition method: 
chemical vapor deposition) is formed in thickness of 0.1 micrometer. The film formation 
condition is as follows. Methane of hydrogen dilution is used as material gas. CH 4 is [ 0.5 

volume % and H 2 of the presentation ] 99.5 volume %. Doping gas uses B 2 H 6 gas and sets 

the B/C ratio in gas to 200-atom ppm. By 100-ml/(normal condition), gas pressure at the time 
of membrane formation shall be set to 6.67kPa, and substrate temperature shall be the total 
flow of gas 800 **. The carrier concentration of the semiconductor diamond deposited by this 

condition is more than 10 20 cm" 3 , and the p-type semiconductor diamond membrane 2 whose 
resistivity is sufficiently low is obtained. 

[0052]Next, the 0.3-micrometer-thick silicon oxide 3 is made to deposit on the semiconductor 
diamond thin film 2, as shown in drawing 2 (b). 

[0053]Next, as shown in drawing 2 (c), the resist 4 is formed on the silicon oxide 3, and the 
resist 4 is patterned with electron beam lithography. 

[0054]Next, as shown in drawing 2 (d), the silicon oxide 3 is etched by using resist 4 as a 
mask, and the opening 3a is formed in the silicon oxide 3. Etching gas is made into CF 4 and 

the mixed gas of Ar, and reactive ion etching performs etching as a plasma source using 
dielectric joint plasma (ICP:lnductively Coupled Plasma). 
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[0055]Next, as shown in drawing 3 (a), the resist 4 is removed, the p-type semiconductor 
diamond membrane 2 is etched by using the etched silicon oxide 3 as a mask, and the 
semiconductor diamond thin film 2 is patterned. The semiconductor diamond thin film 2 is 
divided into the semiconductor diamond thin film 2a and two thin films of 2b at this time (the 
2nd semiconductor region and 3rd semiconductor region). By this etching, ICP is used for a 
plasma source like etching of the silicon oxide film 3. Oxygen is used for etching gas, by 50-ml/ 
(normal condition), a pressure shall be 2.67 Pa and substrate bias voltage is set to 2000V for 
the flow of oxygen. Since the silicon oxide 3 used as a mask at this time is hardly etched to 
oxygen plasma, it remains as it is. 

[0056]Next, as shown in drawing 3 (b), B doped p type semiconductor diamond thin film 5 
which is the 1st semiconductor region is formed in thickness of 0.1 micrometer on the exposed 
part of the insulator diamond crystal substrate 1 , and the silicon oxide 3. At this time, methane 
of hydrogen dilution is used as material gas. CH 4 is [ 0.5 volume % and H 2 of the presentation 

of this material gas ] 99.5 volume %. Doping gas uses B 2 H 6 gas and sets the B/C ratio in gas 

to 0.1 -atom ppm. By 100-ml/(normal condition), gas pressure at the time of membrane 
formation shall be set to 6.67kPa, and substrate temperature shall be the total flow of gas 800 
**. The carrier concentration of B doped p type semiconductor diamond thin film 5 deposited by 

this condition is below 10 15 cm" 3 , and the semiconductor diamond thin film 5 has high 
resistivity as compared with the semiconductor diamond thin film 2a and 2b. 
[0057]As shown in drawing 3 (c) after forming the semiconductor diamond thin film 5, the lift-off 
process of etching the silicon oxide 3 with an HF aqueous solution removes the semiconductor 
diamond thin film 5 formed on the silicon oxide 3 with the silicon oxide 3. As for the 

15-3 

semiconductor diamond thin film 5 of the high resistivity below 10 cm , carrier concentration 
is formed only in the portion into which the semiconductor diamond thin film 2 of the rate of low 
resistance was etched at this time. . Be caught in the semiconductor diamond thin film 2a, 2b, 
the semiconductor diamond thin film 2a, and 2b of the rate of low resistance on the insulator 
diamond crystal substrate 1 by the above method. The electronic device 6 in which the high 
resistivity arranged so that it may connect with these was formed semiconductor diamond thin 
film 5 can be obtained. 

[0058]Next, as shown in drawing 4 (a), the silicon oxide 7 is formed in thickness of 0.05 
micrometer as an insulator layer all over the electronic device 6 top. 
[0059]Next, as shown in drawing 4 (b), the resist 8 is patterned so that the resist 8 may be 
formed on the silicon oxide 7 and the opening 8a may be formed above the semiconductor 
diamond thin film 5 of high resistivity. 

[0060]Next, a thickness of 0.2 micrometer is made to deposit metal Al film 9 by sputtering 
process on the exposed part of the silicon oxide 7, and the resist 8, as shown in drawing 4 (c). 
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[0061]Next, as shown in drawing 4 (d), the resist 8 is dissolved with acetone. At this time, only 
Al film 9 deposited on the resist 8 is removed, and Al film 9 remains above the semiconductor 
diamond thin film 5 of high resistivity. This Al film 9 that remained serves as the gate electrode 
9a. 

[0062]Next, as shown in drawing 5 (a), the resist 10 is patterned so that the resist 10 may be 
formed on the exposed part of the silicon oxide 7, and the gate electrode 9a and the two 
openings 10a and 10b may be formed, respectively on the semiconductor diamond thin film 2a 
of the rate of low resistance, and 2b. 

[0063]Next, as shown in drawing 5 (b), the silicon oxide 7 is etched with the HF aqueous 
solution of concentration 0.5 mass % by using resist 10 as a mask. Since the resist 10 is not 
etched depending on fluoric acid (HF aqueous solution) at this time, it remains as it is. 
[0064]Next, a thickness of 0.2 micrometer is made to deposit metal Pt film 1 1 by sputtering 
process on the exposed part of the semiconductor diamond thin film 2a and 2b, and the resist 
10, as shown in drawing 5 (c). 

[0065]Next, as shown in drawing 6 , the resist 10 is dissolved with acetone. At this time, only Pt 
film 11 deposited on the resist 10 is removed, and Pt film 11 remains in the semiconductor 
diamond thin film 2a of the rate of low resistance, and the upper part of 2b. These Pt films 1 1 
that remained become the source electrode 11a and the drain electrode 11b, respectively. 
Thus, the field effect transistor 12 by which the insulator layer 7, the gate electrode 9a, the 
source electrode 1 1 a, and the drain electrode 1 1 b were formed on the electronic device 6 is 
producible. 

[0066]Next, the composition of the field effect transistor 12 which is an electronic device 
concerning this example is explained. In [ as shown in drawing 6 ] the field effect transistor 12, 

20 -3 

On the insulator diamond crystal substrate 1 , carrier concentration is more than 10 cm 
low - resistivity B doped p type semiconductor diamond thin film 2a, 2b, and carrier 

concentration are below 10 15 cm" 3 , and high resistivity B doped p type semiconductor diamond 
thin film 5 is formed. The semiconductor diamond thin film 2a and 2b are arranged, 
respectively so that it may connect with the semiconductor diamond thin film 5 and the 
semiconductor diamond thin film 5 may be pinched. On the semiconductor diamond thin film 
2a and 2b, the source electrode 11a and the drain electrode 1 1 b which consist of Pt(s) so that 
it may connect with the semiconductor diamond thin film 2a and 2b, respectively are provided. 
The silicon oxide 7 which is an insulator layer is formed in the upper surface of the field in 
which the source electrode 1 1a and the drain electrode 1 1 b in the upper surface of the 
semiconductor diamond thin film 2a and 2b are not provided, and the semiconductor diamond 
thin film 5. On the silicon oxide 7 on the semiconductor diamond thin film 5, the gate electrode 
9a which consists of aluminum is formed. 

[0067]in this example - low, since the silicon oxide 3 used as a mask can be used as a mask 
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when patterning the high resistivity semiconductor diamond thin film 5 by a lift off as it is when 
etching the resistivity semiconductor diamond thin film 2, The semiconductor diamond thin film 
2 and the semiconductor diamond thin film 5 are aligned in self align. 
[0068]Since the field effect transistor 12 is constituted by the diamond, heat resistance, 
stability, radiation resistance, and a dielectric breakdown electric field, i.e., pressure-proofing, 
are excellent. Since the carrier concentration of the semiconductor diamond thin film 5 is below 

10 15 cm" 3 , ohmic current can be reduced and the standup electric field of space charge limited 
current can be made small. In the field effect transistor 12 concerning this example, the 
threshold electric field to which ohmic current and space charge limited current become equal 

is below 1x10 5 V/cm. At this time, the impressed electromotive force between the gate 
electrode 9a, the source electrode 1 1a, or the drain electrode 11b mainly governs the electric 
field substantially impressed to the high resistivity semiconductor diamond thin film 5. When 
not using the gate electrode 9a, the impressed electromotive force between the source 
electrode 11a or the drain electrode 11b governs the electric field substantially impressed to 
the semiconductor diamond thin film 5. 

[0069]The semiconductor diamond thin film 2a and 2b are the same p-type semiconductors as 
the semiconductor diamond thin film 5, Since resistivity is lower than the semiconductor 
diamond thin film 5, the pouring barrier energy of the career (electron hole) which is going to 
flow into the semiconductor diamond thin film 5 from the semiconductor diamond thin film 2a 
can be reduced. Since the carrier concentration of the semiconductor diamond thin film 2 is 

20 -3 

more than 10 cm , the efficiency of the field effect transistor 12 can be raised again. 
[0070]Next, the 2nd example of this invention is described. Drawing 7 (a) thru/or (d), and 
drawing 8 (a) thru/or (c) are the sectional views showing the manufacturing method of the 
electronic device concerning this example at process order. 

[0071]First, as shown in drawing 7 (a), on the insulator diamond crystal substrate 21, B doped 
p type semiconductor diamond thin film 22 which is the 1st semiconductor region is formed in 
thickness of 0.1 micrometer with a microwave plasma CVD method (the Chemical Vapor 
Deposition method: chemical vapor deposition). The film formation condition is as follows. 
Methane of hydrogen dilution is used as material gas. CH 4 is [ 0.5 volume % and H 2 of the 

presentation ] 99.5 volume %. Doping gas uses B 2 H 6 gas and sets the B/C ratio in gas to 0.1- 

atom ppm. By 100-ml/(normal condition), gas pressure at the time of membrane formation 
shall be set to 6.67kPa, and substrate temperature shall be the total flow of gas 800 **. The 
carrier concentration of the semiconductor diamond thin film 22 deposited by this condition is 

below 10 15 cm" 3 . 

[0072]Next, as shown in drawing 7 (b), the 0.3-micrometer-thick silicon oxide 23 is deposited 
on the semiconductor diamond thin film 22. 
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[0073]Next, as shown in drawing 7 (c), the resist 24 is formed on the silicon oxide 23, and the 
resist 24 is patterned with electron beam lithography. 

[0074]Next, as shown in drawing 7 (d), the silicon oxide 23 is etched and patterned by using 
resist 24 as a mask, and the layered product 25 which consists of the insulator diamond crystal 
substrate 21, the semiconductor diamond thin film 22, the silicon oxide 23, and the resist 24 is 
formed. Etching gas is made into CF 4 and the mixed gas of Ar, and reactive ion etching 

performs etching of the silicon oxide 23 as a plasma source using dielectric joint plasma 
(ICP:lnductively Coupled Plasma). 

[0075]Next, as shown in drawing 8 (a), the layered product 25 upper surface is irradiated with 
the B ion 26 with ion implantation. Ion-implantation conditions set accelerating energy to 

60keV, and make Ion Dors 3.5x10 cm" . In order that the silicon oxide 23 may work as a 
mask to the B ion 26 at this time, The B ion 26 does not reach in the field 27 covered with the 
silicon oxide 23 in the semiconductor diamond thin film 22, but the B ion 26 is poured only into 
the fields 28a and 28b which are not covered with the silicon oxide 23 in the semiconductor 
diamond thin film 22. thereby, as for the fields 28a and 28b in the semiconductor diamond thin 
film 22, the B ion 26 was poured in - resistivity falls to a sake - respectively low it 
becomes the resistivity semiconductor diamond thin films 29a and 29b (the 2nd semiconductor 
region and 3rd semiconductor region). 

[0076]Next, as shown in drawing 8 (b), B poured in in the layered product 25 into which the B 
ion 26 was poured by performing temperature of 950 ** and heat treatment for 30 minutes in a 
vacuum is activated. Since the layer part (not shown) of the semiconductor diamond thin films 
29a and 29b in which B was poured in is graphite-ized by this heat treatment (annealing 
process), it removes this layer part by washing with the chromic acid sulfuric acid saturated 
solution heated at 200 **. By the above method, on the insulator diamond crystal substrate 21, 
it has been arranged to two fields which connect with the high resistivity semiconductor 
diamond thin film 22 and the semiconductor diamond thin film 22, and sandwich this -- low - 
the electronic device 30 in which the resistivity semiconductor diamond thin films 29a and 29b 
were formed can be obtained. 

[0077]B was poured in - low - resistivity depth direction distribution of B concentration of the 
semiconductor diamond thin films 29a and 29b, When actually measured by SIMS (Secondary 

Ion Mass Spectrometer: secondary ion mass spectrometer), the field more than 10 19 cm- 3 was 
observed for B concentration covering a depth of about 0.1 micrometer. Also in hole 

17 -3 

measurement, carrier concentration is more than 10 cm , and resistivity was cut low 
enough. 

[0078]The composition of the electronic device 30 is the same as the composition of the 
electronic device 6 in said 1st example, the insulator diamond crystal substrate 1 in the 
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electronic device 6 -- low -- the resistivity semiconductor diamond thin film 2a, 2b, and the high 
resistivity semiconductor diamond thin film 5, the insulator diamond crystal substrate 21 in the 
electronic device 30 -- low - it is equivalent to the resistivity semiconductor diamond thin films 
29a and 29b and the high resistivity semiconductor diamond thin film 22, respectively. 
[0079]Next, the electronic device 30 is used and the field effect transistor 31 as shown in 
drawing 8 (c) is formed by the method shown in drawing 4 (a) thru/or (d), drawing 5 (a) or (c), 
and drawing 6 in said 1st example. 

[0080]The composition of the field effect transistor 31 in this example is the same as that of the 
field effect transistor 12 in said 1st example. 

[0081]ln this example, by using ion implantation for formation of the rate semiconductor region 
of low resistance, As compared with the method (henceforth the doping method during 
membrane formation) of forming membranes, while doping which performed in said 1st 
example, control of dopant concentration becomes easy and it becomes easy to form the 
concentration distribution optimized for complicated concentration distribution or a certain use. 
Although the relation between a feed ratio and the concentration actually incorporated into a 
film changes with film formation conditions by the doping method during membrane formation, 
there is an advantage that the dopant concentration incorporated with a charge is decided 
uniquely, in ion implantation. 

[0082]On the other hand, there is an advantage shown below in said 1st example. In the ion 
implantation of said 2nd example, in order to induce a crystal defect inevitably, the annealing 
process for recovering a defect is required. If a semiconductor is silicon, defective recovery is 
easy, but defective recovery is comparatively difficult for a diamond. Since atomic binding 
energy of a diamond is high, in order to recover a defect, it is necessary to anneal the reason 
at an elevated temperature as much as possible, and to anneal it above at least 500 **, and it 
is because it is easy to carry out the phase change of the diamond at graphite so that it is an 
elevated temperature. However, during membrane formation, in the doping method, since 
there is almost no induction of the defect by doping, an annealing process becomes 
unnecessary. 
[0083] 

[Effect of the lnvention]ln the electronic device which has two kinds of semiconductor regions 
where the carrier concentration joined mutually differs according to this invention as explained 
in full detail above, The electronic device which can make the difference of a Fermi level small 
can be provided by making carrier concentration of the semiconductor region by the side of low 
concentration as low as possible, and making the conduction type of these semiconductor 
regions the same, controlling ohmic current as much as possible. For this reason, since career 
pouring barrier energy from the high concentration side to the low concentration side can be 
made small, the standup electric field in space-charge-limited-current mode can be made 
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small, and a career can be poured more into high concentration by a low electric field. The 
electronic device which can form an efficient electronic device on any substrates by this, for 
example, uses a wideband gap semiconductor like a diamond can be obtained. Thereby, the 
device for short wavelength luminescence, a high-temperature-service device, the device for 
big electric power, and a high frequency electron device can be obtained. 



[Translation done.] 



http://www4.ipdl.inpit.go.^ 2/2/2009 



JP,2002-076369,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 3 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] (a) is a mimetic diagram showing the size of the barrier energy in the conventional 
electronic device, and (b) is a mimetic diagram showing the size of the barrier energy in the 
electronic device of this invention. 

[Drawing 2] (a) Or (d) is a sectional view showing the manufacturing method of the electronic 
device concerning the 1st example of this invention at process order. 
[Drawing 3] (a) Or (c) is a sectional view showing the manufacturing method of the electronic 
device concerning this example, and is a figure showing the next process of drawing 2 . 
[Drawing 4] (a) Or (d) is a sectional view showing the manufacturing method of the electronic 
device concerning this example, and is a figure showing the next process of drawing 3 . 
[Drawing 5] (a) Or (c) is a sectional view showing the manufacturing method of the electronic 
device concerning this example, and is a figure showing the next process of drawing 4. 
[Drawing 6] lt is a sectional view showing the manufacturing method of the electronic device 
concerning this example, and is a figure showing the next process of drawing 5 . 
[Drawing 7] (a) Or (d) is a sectional view showing the manufacturing method of the electronic 
device concerning the 2nd example of this invention at process order. 
[Drawing 8] (a) Or (c) is a sectional view showing the manufacturing method of the electronic 
device concerning this example, and is a figure showing the next process of drawing 7 . 
[Drawing 9] It is a sectional view showing the composition of the conventional field effect 
transistor. 

[Drawing 10] lt is a typical sectional view showing the composition of the conventional field 

effect transistor. 

[Description of Notations] 

1; insulator diamond crystal substrate 

2a and 2b; - low - an resistivity semiconductor diamond thin film 
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3; silicon oxide 

3a; the opening of the silicon oxide 3 
4; resist 

5; a high resistivity semiconductor diamond thin film 
6; electronic device 
7; silicon oxide 
8; resist 

8a; the opening of the resist 8 
9; Al film 

9a; gate electrode 
10; resist 

10a, 10b; the opening of the resist 10 
11 ;P t film 

11a; source electrode 

11b; drain electrode 

12; field effect transistor 

15; transition region 

21; insulator diamond crystal substrate 

22; a high resistivity semiconductor diamond thin film 

23; silicon oxide 

24; resist 

25; layered product 
26;B ion 

27; the field covered with the silicon oxide 23 in the semiconductor diamond thin film 22 

28a, 28b; the field which is not covered with the silicon oxide 23 in the semiconductor diamond 

thin film 22 

29a and 29b; - low -- an resistivity semiconductor diamond thin film 
30; electronic device 
31 ; field effect transistor 
41 ; Si substrate 

42; diamond insulator foundation layer 

43; p type diamond semiconductor layer 

44a, 44b; n type diamond semiconductor layer 

45; diamond insulation layer 

46S; source electrode 

46G; gate electrode 

46D; drain electrode 
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51 ; semiconductor diamond layer 
52; high resistance diamond layer 
53; semiconductor diamond layer 
54; source electrode 
55; gate electrode 
56; drain electrode 
57; channel layer 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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alette J: 1 ). 7*^5Wta0)KfcJb&**$<$f4*> 
T J: 9 § htlh . A'y K -v 7 7tf± % \> > 

74 KA'y H^-v •y7T*4 i Nlft««t LTti. *W 

y. fcfc. «1 

[ 0 0 3 0 ] 35tc , BUtem 1 <VNMWR«*> H-A'y K 

meat, mzttch&^nm^ftx'i oppmiaTc 

hlZtmtK. iO»^L<(iO. lppmHT 
T'£4. 

[ 0 0 3 1 ] » 1 <0¥3««H«<>>** 'J 7*S(i. 

*4. LfritcWh, tomzmmztitzvi— 79*7 

BHi$r4. S^t. ftfc^&Wtf XPficOffiJg 



m : ?m?mm&jmii$:ft±z j tz>z\btfx'£ 
A-y 1 0 P P mtrrcttiuf. Me^^tita 

kAfc-£/i,ii^v^ J:0if*L<(±. ZM*ygmtt 
it (Secondary Ion Mass Spectroscopy) <0^tii[SI?{C 
j5^0. 1 ppmWTt*J>4. 
[ 0 0 3 2 ] £ l&l«S2<DiNMMR«tf>K-t: 

yy^mwi ( f-avm ii. ^-r Lt,Ht7c«TA4 

n gy^f ^r* y H . » 2 ^Ni^fBSfaWiSt K-7V) n 

-ix^&pmyj^zyv. ®2<D*m»m®mvm 
r-'-r^pS^^yHt-ft^Ttiu. 
[00333 sEcifc . frie^2 m-mwmsp) f-a- 

yh?iS(i, Mot t wmXlX'hhZbtmt 
[0034] KlwmWKWfrtM 1 CO¥mftffii$<\ 

2 o^^li^ t wftiSt WJirf 4tt»aiA» 2 
«s«*^ J r , ;riiJKtfi5c#1-4. Sot. epjnt4« 

K^ta t\ J: 0 ^ < ^ y r*«» 1 co^mimm^i 

A$ix4„ ^-vyr«SSr±tf4fcli. K-A-yh«« 

S:±ff. mmzTiftiif*^. Mott«s>(i s ^ 

*ft*«ife«fl%a|«6K»fM-4 r-'-A'y r-jg£T"i>4. 
H-A-yhM5rMo t t«SH±fc"t&ikfcJ: 0. 
* + 'J 7 tOSSttfl^S: Jiff 1 0 o % t -r 4 CI t tfX'% 
4. 4fe, *2<^*f«IWfc8rt-4£«ffi«:R*t4 
^(i , m 2 <r)¥Mftm®co* * y r?SSX(i K N'y 
h«*?r±(f4>ii:i:J;0. m2iO^«^^>^Em 

[ o o 3 5 ] mz&tz . friem 1 o#««c«ttatf«iB 

®2<0^ft«^{i. y-f^y K*^^r4Ci:* 5 T- 

y, as, isssu r yf->A*^=sri,8¥*^iMiR$iii, 

l«J2Utf>5WfcK-TUfcnfii r -f"**yKa» <i,^S 
Ck* { T'&4. 

[ o o 3 6 3 is i mm 2 <wmtwmi& t r ^ ^r* 

yHi-T4^ktJ;0. V7&m&. K^tt. SJg 
^T'$>4* { . grift. ffl&CJ:oT03$l&tfSI2O¥ 

**wbw&, wt. y^. as. KSRi/yf-7Acr)3 

*>'>-^r< 1 1 1 K-7U; n S/^f -V* y H t f 4 
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zt^mx-hh. 

I 0 0 3 7 ] WC*fc. XfflUz&lWttU. Mi 

m i <o¥9i[flsj»«c«n$#ii9iejR 1 0)*mmmm 

1 O^Jgmfiit , MBft 20)¥i£ftfgttcKtg 
« $ fiflifiEft 2 <o¥SftiS$(;:mgi£ 2 <?)£Jim 
ffifc. &**&zktf"C*&. 
[0038] ZtllzX *) . ft 1 &tfSS2 co*NMWB«fc 

[ 0 0 3 9 ] W=4fc. *»«cfi««?*Ftt. file 

ft i co*3««sjS{ct>tti.frieft2^#»:fSJS3& { «^ 
*** c:<oft3o^^«Ji. Hutemi 

[ o o 4 o ] ,rftic± o . fififtwffuft i o^sftss 

«^WMfcffitji*W£lr >ft 2 &t>'ft 3 C7)^®«^ti * ft 

J:0. ft2<7)^f*^jK>^5ilfc**y7#»l 

3R^i-ffiH-r*Clt*«T&4. ft3<0*$tt 
fi«£ft2W¥SH^8fc|I]t<£5I!fcU ftl<7)¥ig 

wrm j: o mm mm^mmt z 1 1 j: o , ft 

ft 3 a^ftiRKtfft 1 0¥«fMR« ^ g&SS^S 

[004 1 3 m»ofttt&«fc-$iR | 3fc*ivvc. tuieft 

1 ^9f^Jfi, HUl£ft 2 (VWfttgWI&WBIEft 3 <0 

1 miXtmtm^ K-TLfc nir-f+t y K 
ZkffX'ZZ. 

I o o 4 2 ] wcifc, *fHfflcffi£«?s?(i. srifi 

ft 2 (0^m»McfH«(=ftffi$iii|(nBft 2 fc« 
86*«-*-ft2<0&««ffifc. frlEft3W^W*««t« 

$ a Buiaft 3 <oiimfWR« t lasra-tft 3 
[00433 zi\izx<o. m2&vm3&m#mx(z 

[ 0 0 4 4 ] Sic itz , BUlSft 1 <^N»fWH«±t ifttt 

[0045] ztuzx*), *ws-?mmtf&fct&z 



[0046] *%,mz&z>y4 n- 

^ Lft 1 <?)*mtm® t n temaxwem 1 <v*m& 

Mieft 1 a^NMWwwi , -e<o»f^asT'o^*ttiK 

4JW4^fY 'J7«K#1 0 15 cm- WC&iVF*? 

Lft 1 wwtcfflBfc n teaei-cmBft 1 

U ffiEftlco^ttfHWIi. -ewfimagT'WSrtt 

m«c*«t**+ ura«*« 1 o 15 c m-mrvhhVf- 
m^z^-t&ztzmmtth. 

[0048] *fWIfc«*lM 'J 
>&&ftl<9¥£frfl*£>. CcOft 1 A¥«f|etWC« 

•& Lft 1 <?)*mtm®t Pi teas-owe* 1 <r>*m# 

fc »t & * a- 'J r jjsj^* J 1 0 1 5 c m - 3 ttjx-h & n?m? 

tG?z>ztift®ti-&> 

[0049] mm?m?ii. wsur* v&vmt 

[0050] 

mmmzmxxmmzmmh. 9er. -*mm 

ft 1 WWtoHTWW* .H2(a)M(d). 
H3 (a) ^2 (c) ,04 (a) AS (d) . H5 

( a ) nm ( c ) wmetexmmmizfa&mTmTco 
m&irmzimmizwtmwmx'b h . «ximu f 5 

[005 1 ] 5t-T. 02 (a) tc^tJ:3(c. ^Sfr^' 

-f ^ y Ymsxs. 1 ±ic . -74 ? 0^7*7 x-ec v d 

^ (Chemical Vapor Deposition^ : -ft^W^ffiJS^ 
K < £>)ft2&t/ft3^gf*jii$fc : 5:&BF-Tp 

S¥8fc7'-f-^E>'FS!B2«:0. lwmW/f$(C« 

0. 5#«%. H 2 A>'9 9. 5(*«%t*>&. K-b-y 
^^{±B 2 H 6 ^tttfflL. #X+WB/Cjt£2 0 
OJI^p pmttS. ^OlggilS- 1 0 0 S 'J U v J> 
(SnM^B) . SBHtoffx&h* 6 . 6 7 k P 
a, »sa«*8 0 0iCi:ti. iWjftfrCJ: 0*«S 
tll.^f*:^^ ; eyH^A' , J7illg(il 0 ! »cr' 
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[00 5 2] iXfc, 02 (b) IZ^tXllZ, 

[0 0 5 3] mz, 02 (c ) iZOktXolZ. y'jsy 
mtm 3 ±K l/y'Xh45-ML t'- A 'J V ^5 
74 tjywy'XMSr^-xy/tS. 
[00 54] 02 (d) U-v^h 

y3y§M!JI3fcHPS3a£#riW-&. x*+y? 
(i. x.y*yy#*£CF 4 fcArtf>ift£#Xi;U 7° 
7X-7igt LTiS®K^r5Xv ( I C P : Inductivel 
y Coupled Plasma) fcffifflL-CRJEtH *yx.y<f-y? 

[0 0 5 5] 03 (a) CC^-tJ:3(C. U-x^h 
4*»*U x 7 f-y/$^vU3yK^3Sr-7^ 

7ttx pw.¥®#y<< > mm 2 <r>x <,*y/Z 
fro, ^tt^4**yF»ll2£/<*--y/-*-s. 

znt*. y-mftyj^ymmtt^mftyj** 

ymmaRV : 2bcr)2mBmiZftMZtlh (»2 
^#»«WaV»3<VHI*««) . -TOx-y^-y^ 

ttffl L - 5 0 S U y -y F/P/# ( 

JB) . E*£2. 67Pa, S^nM 7X«E£ 2 0 0 

OVfctS. ZV)t£. •?X9tth'sWyWcM3 

immT5x-?iztiixi,mtA,zxvi-y?zti%^ 

tub. tnttm-th. 

[0056] <XlZ. 03(b) fcj^f J: a C, 

HttASfi i ton&umi/ y 3 y&iu? 3 ± 

fc, £ 1 ^^ftfgtSTftl, B K-7-pgMN*ft*M -V 
*y Kj5Jg|5£0. lwmcOlf$tC{K)i-ri). COt 

£WJS$#*Offl»£teCH,#0. 5ft«%. H 2 #9 
9. K-tV^XteB 2 H 6 #X£f£ 
JBU #*4»*>B/CJt£0. lK^PPmt-t*. # 

1 0 0 s y y y , est 

fm<?)tfZE.Jj£ 6 . 6 7 k P a . 8 0 0°C 

t-th. z<7)&mzi;mmti&B\t-Tpm*mt* 
^■v^yHfmsw^yraiKtti o i5 cm-3^T 

HJMB2 a&tf 2 b fc JHRLT«ttW»V>. 
[0057] ¥3£tt;M -V* y H SHU 5 0 3 

( c ) (cjjctJ: 3 1. h F*»jRc i y y y 3 yiMfcBt 

3£x-/+y?-tl07h*7ya*zl,z&r)^ is*ja 

ymm 3 1 mz ^ y 3 y b^k 3 ±(cjb^ $ 

(*:^^yF»K5S:^fetl). *-vy7 

igg#< 1 o" c m-nxf<r>%^mmm%yA^y 

0, tt»*^^yK»SfifflRi±t, ft»«Ssco¥ 



0 tcieSS ix£S»ffi$*)¥3«fc:M -ft y h'fSBB 5 » 

[00 58] a«C, 04 (a) Jipfc. 
6±£iBfc««Rfc LT^'J3yiMI«7«:0. 0 5^ 

[00 59] <Mc. 04 (b) fcjR*.Mfc, yy^y 
BNUS 7 ±lz V vX V 8 i m. I . A JgStSWSHc*' 
-f-\* ; EyF«S!50±^BSnSI!8a*<m$iiSJ:a 
izu a xy&zny-xy 

[0 060] KC, 04 (c) 
IWtR7«Jiaj«R^U^h8±t*llA lffi?9£X 
A-.y^yy^ffitJ:yo. 2jum<0W$K«SS*6. 

[006 1] JRK. 04 (d) t^TidlC. 

[006 2] «t, 05(a) t^-fidt, v-yay 

IWtK7<0lSaj»ft^y-Mtfi9 aitl/y'^ h 1 0 

*#)£U (SSi3i*^^r>f^yFjS^2aSy r 
2b±t2o»BBPgSl Oa&tfl 0b***«JBiSS<i 

[006 3] ^C. 05 (b) fc*tA9fc, uy'^h 
10$--7X^>LT. iHSO. 5JWI%<0HF*»«t 

XVisOiymmUx-s+yftZ. zntZ. v 

iSXhl 0{i7 yg? (HFTkiM) (Cj: oTJiX-yf-y 

[0064] MZ. 05 (c) tC^tJ:3tC. 
-f-\' ; EyK?f^2a&l>'2b<7)StiigPSU r ^^M 0 
±fci&KPt«i l ^yy^ffifcJ: 9 0. 2/x 

[0065] ^{C, 06t^-TJ;^t^ ^'^MOJ 

-f-\' ; £yH|f^2aSlX2b«0±7j{C{iPt^l 

ffil 1 a&l/Kb-f yHSil 1 blC&.&„ C«0j:3tt 
T. l^*^F6±tC«S»ffi7, y-hm^9a. V-X 
MM I 1 a&tXHl-f y«fil 1 b#Kltfcfifc«#«> 

[0066] act. ^mmmizi^im^m^x'Syim^ 

WZkhyy'Jx? 1 2«flWMCOV^TIttWt*. 061C 
fntXdlz, mfm&VyyVxfl 2{cfcOTJi, tft 
-v* y K^ B a B S« i±tc, ^-a* 'J 7>8S* 5 1 o 

2 « cm-3jjLhT* | )fifiijt*=SfB F-Tpm*m#y-i 

J T : tym&2aRV : 2b&mz*v07Wil£1) i l 0'5 
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m2 asi/2 bu*.**mi*y4 tty mwtsizm® 
L&my*** v mm mts «t ? Kiessixt^ 

«.<k3tcPt*^^i,y-^Sfigi l a0FW yfl: 
ffil 1 btfffllhtlX^l. St. ^^ttVK 
JMt2aatf2b0)±fflfc:i3ft6y-X*Sl 1 a&tf 
KM yaffil 1 b*<ta^*>nT^:3rV^tSM^{C^» 

y H»it 5 niMizim&mx'h s y t; 3 y 
±.izn\ihis>jiymm7±MtA 1 a»&**y-h 

ttft9a#R*t4>fVO*4. 
[0067] *WIWfc:i3^-c«. ffififiWfr^tty 
y KMR 2 * x ••/ f - y r?& mz ■?* 9 b 1 X ffi 
ffl-t h is 'J a y mm 3 * * <o 1 1 'J 7 h * y K J; 0 if 

»a**^imw*cy-f y k»H5 zw-~yytz> 
y mm. 2 jM*mMA -v* ymm # s 

[0 0 68] 4fc, t^Hr-^yy'X;?! 2(4. y>f 

sc. *m*y>t j r*ymm5a**>j7wm s io 

b tfX'% . gEIOTWR«»«4fc±A* 9**«vh3 < 

9 1 2icfc^Tti. >y ^mkb^mmmm. 
mL<%mmmnx 1 o'v/cmHTc**. 

=5r*5. Z<7)b%. y-bW&9abV-A%mi 1 aX 
14 FM y«ftl lbt^EPJiHE*^ fflgfit*& 
¥**y>r "V* f KSHR 5 fcfSSfWfcEPflDSfUmfl* 

14. y-X«figl 1 aX(4 KM yW&l 1 bboM<r> 

mmsif. *mwv4 y mm 5 cuimc&ai 

[00 6 9] St. «^+ ; t>'KIl2aW2 

b iWiftr-f y HWR 5 fc p] t P SHmfrr* 
0 . *SW*y-f tty KMR 5 4 0 bttfflWftViC t 

ymm<\mi£ob?&*v07 (itd «iiAK 
y^^^ym^^^urm&tn o» cm-Hit 

X-hhtdth. nRWlgbyyiSX? 1 2tf8Ms*tf|J:S 

[0 0 7 0] «K. *5HBW»2l6lft0!(co^TKW 
*. H7 (a) Jbm (d) &vm8 (a) JbS (c ) (4 

0T**>&. 

[007 1] 5tT, 07 (a) fc**J:3fc, 
-(•\ , t>'W B iS2 11(:. 7>f;nS7'7X7CV 



D£ (Chemical Vapor Deposition^ : fl^WJMBS* 
£4 9111 <Vm**««T** B K-r pffliNi* 
y4-f ; tyF?Wl£2 2£0. l/xmtf>WS(CJSKt*. 
OI»*fH4l3lT<oa , 3-C*4. SfWt ft**WR 
W-X^ytfxfcttl&t*. *0>fflffcliCH 4 *«O. 5* 

n%. H z tf99. 5vm%x'hh. v-vyy/fxi* 

B 2 H 6 #*£<$fflU #X«t>*>B/CJt£0. IfflFfp 
pmfcf-6 . ifc. #*<7)I£SLI£ 1 0 0 S 'J 'J y hvU- 

mmw&) . «iwwMr^ffi**6. 6 7kP 

a. S$fflJg£80 0X;fct&. C(O^frt4 0tia$ 
n§^«£y-f ^ y F?S« 2 2 fiO^f ^ o rmm 1 o 
15 ctn-3JaTT'*)l.. 

[00723 mz. mi (b) tj^riiic. 
^2 3^Jtm-r&„ 

[007 3 3 Kt. 07 (c)tz^4o(c. 

^Ui2 3±{Cl/> ; Xh24^^L. S^h'-A'JV 
y? 7 -f 1 4 0 U/X h 2 4 SrA'^--y /-fs . 

[0074 ] ^tc. 07 (d) {cj^ti-jk:, uy'xs 

2 4 £~?X7b IX is 'J 3 xBMtR2 3 y f-y/L 
•C^'^-xy^L, »»*y-f-VtyF*S*fflK2K 

*»*y >f ^ y f»r 2 2 , y v a ywm 2 3mf 

U^"xh24*»^iflMI«52 58r»«-rs. y'Jnv 

mm2 3<7)x- y j-ym. xy^yy^«rCF 4 t 

V ( I CP : Inductively Coupled Plasma) Sr^fflLT 

Rjfctt'ftfyx.yf-yytiOfB. 

[007 5] »CtC. 08 (a) t^t4pt. -f*y& 
Affit 4 0 B * y 2 6 £mm» 2 5 JiHKBMtti . 
4 * y&A^fWMx*/^ 60keV, -Y jfy F 
-X£3. 5x 1 0 l6 cm- 2 t-f|.. -I^t^. yj3 

yHflj»2 3\$.K4ity2t>\zttLX-?z9b ixm< 
fcft. ^*y-< J r : &yFfS«2 2tJ3tt*^'j3yK 
ttl$2 3 (cHMiT^iflW 2 7 fctt B -f jT y 2 6t4i'J 
aiH*. ^(*y^^yr : ?i«2 2{c*jWi.y';3y 

^Ut 2 3 tS*>iXT ^ V HHA 28a&^28b(CC0 

*B-f3}-y26*»iiA$iii. ^mc40. +^*y^f 

J !' ; tyFfil2 2tioftl.^2 8aa^2 8b{4. B 
?f y 2 6 $ <ifcfctt{cfifi»*«fiT U ^^(ft 
Sfi:* : 5r^f*y^-V ; eyK{SK2 9aSU f 2 9b (JR 

[0076] 08 (b) (c*i-j:3t. B^jfy 
2 636»aAS*Ut««*2 5 ^m?E*(CTSS9 5 0 
•C. SO^ra^^aSrJfiU. aASfifcB«r?Sttfl:S 
B*<aA$*lfciNI*y'f-VtyF»l82 9a& 
V2 9b«««aMi' (EKW-f) «4. i<^R*aa (T- 
-;H8) t4 0y57r-f FftLTU6WT, 200 

xnztmit:? a&wiimffiiwmzxmt-t&z t iz 
4*3. zcommm^ti. ahoumizx*) . te 
«f*y^+tyF*sjis«2 i±t, jsffiia***** 
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94 y Kff R 2 2RV*mfty4 y K5ff! 2 2 
fit*****^ -V* V mm 2 9 a&tf 2 9 b 

[ o o 7 7 3 tea. Btf&xztitzm,tm% i mfty 

4**yVtm2 9aRX/2 9 b*>B»*a»S#|*ja 
^J, SIMS (Secondary Ion Mass Spectrometer : 

ztftf * y mm ft ) c J: 9 5QRHC H£ Lfc fc c h . 

#70. lAtmtf)»St*)fcoTB«Bt*«10»9cm-»fel 
f r«K*« 1 0 1 ' c nr 3 Jilt?* 0 i£fii$ti+#<£ 

[0078] 3 o commt. Miern 1 onte^ 
t:«»t avp*? 6 vsmsLt n-x-hh . i^Si 1 6 t 

fcft6«y*ft;^ y KtSASg l , 

ftTW y FfSIBI 2 afttf 2 b&tfCXfiSWfr?* 

y-i y K&IbSS 2 1 . l^tS*4*»*^>f 
y m®2 9a&l/2 9 bSfet^fcWStS*****^ 

[0079] ac. m^s^3o^«fflL. *re»i«o 

UttWKfcirvCEN ( a ) JbW ( d ) . 05 ( a ) JW 
(c) SU r 06lc^L^ffi(cJ:O. 18 (c) fcijcf 

J: 3 h 5 y i/'X ? 3 1 tm&th . 

[0080] *»|tfcl«WS h 5 y y'X ;? 3 

[0081] xmmmiz&^xu. mti&mtMw 
mmzA *y&\m* mm zztizx o, iwbjsi 

<oHJSWcfcv^TffofcH-ty^L^*^^1-|.^r 

zbtf®%iz%&. $m>v-\:>ymv\t. ftrntk®- 
[0082]-^ mm i «swwti4iaTfc*^H 

A*** 4 . 1912$ 2 coHSIfRjo >f * ya AffiTilsfiMfcW 
-WI^T* h . 'J n y -CiMitf 

*t\&w&\\i&>, xm^mm-titzibizimRmzm 

mT7--iWl&Kfih *) , 4wfir< t i> 5 0 0*CW± 

y H(i^7 7 t >f h KfflSE» ^ <o I. . U> 
L. tfait+K-ty/ffiTIi, K-ey/tJ:§XP6^ 



[0083] 

mf&f-zmzttfX'ti. zn^zii'o. 
fflam^T-' <-f x & £ t *<t i h . 

[H®cOfS#»fl] 

[013 ( a ) Iifl8«tf3«?**fcfcit*»fix*;l/* 

$ * ^tetsHf *> o . ( b ) intwrnwrm 
?izmmm**>\s*<D±z $ e*tflWHT*6. 

[02] ( a ) JbM ( d ) li, *«HJkOSI 1 colQtWt 

[03 ] ( a ) JVS < c ) li, *Htt0V(Cft««7»7 
wS!it*^S:*-rBr®0T'*)-3t. H2<0iX<0XSt^ 

[04 j ( a ) m. ( d ) {i. xmmizfohnxm* 
nm^miTFrmmx'b^x . 03«o^issr* 

t0T'ftl>. 

[05 3 ( a ) ( c ) *Sttt«K:ffi&* : P« : f 
O^jt*ffi$r^-rBrS0T-*oT. 04(7);X«Xg^^ 
•T0T*>6. 

[06] *HSgW^^«^^SjS^ffi^^tllffM 
0T'*oT. 05cO»:<7)lS$:^-t0t'^l). 
[07 3 ( a ) ( d ) tt, *»HH<0»2OlllfcMt 

f«si^i i ^ji*a^im)iC7F-rieiH0T"*)i. . 

[08 3 ( a ) TVS ( c ) ti, *!Q&B«cffi&*?* : f 
^it^S^^-rBrffi0T'$)->T. 07O»:coigSr^ 

-r0t-*i>. 

im9] ^(omm^byy'j^^mf&^tmm 
mx'bh. 

itmmmx-hh. 

1 ;W^ttyHeMS 

2a. 2b: ffiJgfii^^^NI*^^ HWH 

3 : i/'jaylWtil 

3a ; : s>jaymiW30)mn& 

4 : uy'xh 

5 : 5WSfit*«rimi«c^>f y KffR 
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6 ; m?m? 
7 : wavmm 

8 : VVXY 

8a ; VVXY%0MV& 

9;AII 

9 a ; Y- h«S 

1 0 ; V'JXY 

10a. 10b; U^M OWBQPSB 

1 1 ; Ptffi? 

11a; V-X%M 

lib: KM y®g 

1 2 ; Wm^YvVi/X? 

1 5 ; S^ftS 

2 1 ; S£$tt?M y KI£ 8 H B »g 

2 2 ; Kttfit*^im»f*^ K»H 
2 3 ; i/>)n>mtm 
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2 5 ; fiWIffc 
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4 1 ; S i S£ 
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(51) Int. CI . 7 F I f-ThY (##) 

H 0 1 L 29/786 H 0 1 L 29/74 G 

33/00 29/78 6 1 8 B 



F?-A(##) 4M104 AA03 AA04 AA10 BB02 BB06 
CC01 CC05 DD08 DD09 DD16 
DD37 GG09 GG18 GG20 
5F005 CA02 

5F041 AA11 CA33 CA34 CA40 CA41 
CA46 CA54 CA55 CA56 CA57 
CA64 CA74 

5F110 AA30 BB12 BB20 CC01 CC02 
DD04 EE03 EE44 FF02 GG01 
GG25 GG32.GG34 GG45 HJ01 
HJ04 HJ13 HJ23 HK08 HK25 
HK27 HK35 HL02 HL23 QQ04 
QQ11 



